r T

4) Test - Has 3 modes that may be requested as follows: (Refer
to Section 3 for additional information on the use of
these tests.)

a. Specify Pattern - Allows a pattern of up to 10 byte values
to be specified. This pattern will be written into the
file (5) specified and read back the specified number of
times. This process can also be repeated a specified
number of times on each file before proceeding to the next
file (if more than 1 file is specified).

b. File Integrity Test - This test writes a file number based
pattern into all files and then all files are read in
succession. The number of write passes and number of read
passes/write pass are specified by the operator. On every
other write pass the file address based pattern is compli-
merted, e.g.; on the first and every other write pass the
patiern is as follows:

High byte of address

Low byte of address

Ones compliment of high byte of address
Ones compliment of low byte of address

On the second and every other write pass the pattern is the
I one's compliment of the above pattern.

c. Generated Pattern Test - Combination of both the Specify
Pattern and File Integrity Test. Eight different patterns
are written into the memories. Each pattern being repeated
every 8 write passes. The patterns are as follows:

Word 0 = 0, Word 1
CompTliment pf 1

) -1, Word 2 = 0, etc.
)

) A1l words - -86

)

)

W N -

Compliment of 3 (A11 = 85)
A11 words = 0

(2 I =
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6) A1l words = -1
7) File Integrity Pattern
8) Compliment of 7
NOTE: Values are 2's compliment decimal value of
binary pattern, e.g.; -1 = all 1's, etc.

The above patterns were designed to test combinations of all
or alternating bubble patterns in major and minor loops and
to evaluate system noise conditions.

Detailed description of Fortran software is as follows:
Three single dimension byte arrays are defined as:

A) Data to/from MBM (145 bytes)
B) Data from keyboard
C) Pattern array

The ASCII character definitions are expected inputs from the
keyboard to the various questions as follows:

Lines 100 - 901 ask for and analyze the answer to the question
of what type of operation, (Read, Write, Test, or
Dump). Single character responses are sufficient.

Lines 200 - 812 perform the single file ASCII read routine and
write to keyboard.

Lines 300 - 820 perform the single file ASCII write routine
getting the data from the keyboard.

Lines 600 - 601 perform the Dump routine (multiple file ASCII
read).

If the answer to the programs first question is "T" (test) the
program will jump to line 2000 where the question wili be asked;
What type of test? The answer may be “S" (Specify Pattern), "F"
(File Integrity), or "G" (Generate Pattern).
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In any case, all three routines use common sections of the program.
In order to decrease the run time and increase test throughput
subroutines were not used. Instead, two control words were used
for program control - KNTRL and KNTRLQ.

The common section of the code used by all three test routines is
between 714 and 762. If it is an "S" type test both control words
= 0. If it is an "F" type test, KNTRLP = P. and KNTRL = +1 or -1.
If it is a "G" type test. KNTRL = @, and KNTRLP = 1 - 6 for the
first six patterns. For patterns 7 and 8 KNTRL = -1 or +1 and
KNTRLD = 7.

When a "S" type test is requested the program will go to 700
where it begins to ask and analyze the answers to a series of
questions which determine the parameters of the test. These
questions are:

The first and last file numbers to test.

Number of byte patterns and their values.

Number of errors to print.

Number of Write and Reads/Write Pass.
By Tine 720 these questions have been answered.

Lines 720 through 703 print the header for error analysis. The
program then enters the common routine. If the type of test
is "F" or "G", lines 2009 - 3002 ask the common questions needed
for both tests,

Number of errors to print.

Number of Write and Reads/Write Passes.
Both tests automatically test all 641 files.

If the type of test is "F" the program will continue at 3002, and
set up values required by the common routine to perform the File
Integrity test. Lines 3300 to 3320 set up the file number based




pattern and then go to the common routine. Since each file must
be written in succession or read in succession the common routine
will return to 3200 (Write) or 3600 (Read) based upon the state
of KNTRL. After 641 files are written, the program will go to
3500 where conditions are set for the read process.

Lines 4000 - 4201 analyze the results of the test and determine
if any more read or write passes are to be executed.

If the type of test is "G", program control goes to line 5000.
Lines 5000 - 5006 initialize control values and set up one of six
patterns.

Lines 6000 - 6002 set the values required by the common routine,
print the test pattern and number on the terminal, and go to
the common routine. ‘

The common routine returns to line 9000. Until the first six
patterns are generated the program will go to the next pattern
generator. Otherwise initial values will be set for generating
the 2 file integrity test patterns and program control will then
go to line 3005.

The file integrity test returns to line 9900 where any errors are

accumulated, KNTRLP is reset, and control goes to line 9001. This
process is repeated until the specified number of write passes is

performed.

The common routine starting at 714 sets the A array to the values
in the C array modulo NUMPAT (number of patterns), and then calls
the macro subroutine (MACWRT), which writes the data into the
bubble. MACRED routine is then called, the data being sorted in
the A array.
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The A array is then compared against the C array modulo NUMPAT
looking for errors. If errors are found the board number (NUMBRD)
on which the error was found is calculated and then the following
information is printed.

Write Pass Number (KNTWRT)
Read Pass Number (KNTRD)
Good Data [C(K)]

Bad Data [A(J)]

Board Number (NUMBRD)

Word Number (NUMWRD)

This process is repeated for all 144 words in the file (NUMWRD),
until the specified number of Read (NUMRD) passes and Write
(NUMWRT) passes have been executed.

In all of the above test modes the operator may specify the
maximum number of errors to be printed to the keyboard before
terminating that portion of the test. In such a case the program
would advance to the next file or write pass.

Assembly Language Programs (Appendix V)

The two subroutines called by the Fortran program are MACRED and
MACWRT (Read and Write respectively). They in turn call another
subroutine called ADDXMT which performs the task of sending the
file address to the controller. MACRED and MACWRT initially set
location MASKI with a value which will indicate to the controller
to either read or write. They then call ADDXMT.

ADDXMT adds to MASKI the two most significant bits of the address
in the two LSB of the 16 bit PDP-11 word. This word is then
moved to address 1677728 which is the DR11-C output register.
ADDXMT then readys the second word which will contain the lower
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8 bits of the file address along with a branch control bit
(020000). ADDXMT then waits in loop 2 until the controller

signals it has received the first word before sending the second
word. ADDXMT then points to the core address of the data block
and returns to MACRED or MACWRT. In each case both will then

wait for the controller to indicate it has received the second
byte of information and is ready to proceed with the data transfer.

In the case of Write, MACKRT will send the first 60 bytes of data
to the eight 64 x 1 FIFO's (Loop 4). It will then go to loop 5
and move another byte of data only when it has an indication that
the FIFO is not full. MACWRT will remain in loop 5 until 144
bytes have been transmitted and then return to the Fortran program.

In the case of Read, MACRED will go to loop 7 after it has received
a ready indication from the controller. In loop 7 MACRED will
remove data from the FIFO's as long as it receives a FIFO not empty
indication. It will wait until it has 144 bytes of information
before returning to the Fortran program.

2.3.2 MBM Controller Micro Programs

The heart of the MBM controller consists of three 2901 4 Bit Slice
Microprocessors. This allows 12 bit data words. However, only 10
bit values may be accessed from PROM, and only 8 bit values are
available from the I/0 data lines.

The microprocessor and peripheral functions are controlled by a

32 bit word programmed in 2708 PROMS. The purpose of this section

is to provide some insight into writing programs for this controller.
However, due to the ability of a single word to produce double operand,
double source, and double destinations (including 1/0) instructions,

it would be an extremely lengthy task to document the full capabilities.
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A functional description of the 32 bit word is as follows:

BIT NO.

0-2 Multiway branch control (will determine bit 0 - 2 of the
branch address).

3=9 Most significant bits of a Multiway Branch Address.

0-9 Absolute Branch Address.

0-7 Absolute Data when the data are from PROM and a shift
instruction is present (B21 set).

0-9 Absolute Data when the data are from PROM and a shift
instruction is not present.

8 -9 Shift control. Will set the input to the LSB or MSB of

the Q or R bidirectional ports to a value determined by
the above outputs. The bit of the word will be set to
that value during a shift instruction. Table 1 below
shows the lngic for this function.

*10 = 13 “A" Register Address designation if the source code does
not indicate the "A" Register address as a source code
(B23 = p).
10 - 13 I/0 Control if (B23 = 1) in which case the bits are as
follows:

B10, B11 Qutput Register Address
B12 Output Designation
B13 Input Designation
Note: 1I/0 instructions require that the Branch Control Instruction

(B28-B31) not be a conditional branch instruction (e.g.; -8 ).

H

*14 Carry bit - significant only when the Op Code B25-B26 is
Py 1y Or 2.

*15 - 18 "B" register address designation

*19 - 21 Destination Code
*22 - 24 Source Code
*25 - 27 Op Code
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**28 - 31 Branch Control

Appendix VII contains a list of some of the more common simple instruc-
tions along with a few of the more complicated possibilities. Refer

to appendix II which shows the operation source and destination codes
for the 2901. However, due to the 2901 and hardware design limitations,
caution should be exercised under certain circumstances.

When using source codes 0, 1, 4, and 5 (Register at A address) there
may not be a read from the I/0 data l1ines. The data may only be read
from PROM.

When Toading 10 bits of data from PROM the destination code may not
be 4, 5, 6, or 7 since these are shift codes, and B8 and B9 double
as shift control bits.

When the instruction consists of a conditional branch, data may nat be
loaded from the I/0 lines. A write into I/0 control registers is not
allowed 1) On conditional branch instruction, or 2) When "A" Address
Register is called for in the source code. Conditional branches do
not have the capability of testing more than one bit. Multiple
instructions must be written and each except for the last must not
effect the test bits.

The carry test bit (charted in Table 2-1) will be set or cleared as a
result of the operation if the Op Code is 0, 1, or 2, and the Source
Code is 0, 1, 4, 5, or 6. (Otherwise not effected.)

*See Appendix II (2901 Instruction Set)
**See Appendix IIT (9408 Instruction Set)
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Table 2-1. Table of carry control and shift control logic

INPUTS
Destination
Code (Octal)
(B19-B21)

S w N

> Q&R

6 « Q&R

Shift
Control
(B8, B9)

N = O X

o W

Cn+12
Cn+12
Cn+12
Cn+12
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RESULTS
Qo Ro Qn Ri:
NONE
3 e T
NONE
* # X —%
NONE
*— X * X
NONE
*— X X —X
S S Ro QO
s s R, Cn+12
s s R, N
S S Ro 2
ZS S ZRQ RO
zs & 2R, Cn+12
ZS S ZR, N
1S S ZR, )
Riy Qi 3 S
Riy 011 S S
] Qn S S
p Qi S S
z b, 3 s
z Ry 2 s
z [} 4 S
Z [} YA S




Table 2-1 continued.

S = Signal Source
X = Don't Care
Z = High Impedance State

Therefore, the following shift combinations are available

Dest. Shift

Code Code MNEMONIC
s+ o Ly — - HoTl OCR
s 1 B[R HCa FacH -
s 2 b . . T DASR
s 3 0 R H{ o Hc] DLSR
& iy R PJﬂE CIR
O S T T ROR
s 2 L aHT ASR
5 3 04 Pblel LSR
6 0 or 1 T(J—L_R_L Q k! DCL
6 20r3 Cgkq1 R kiq k— o DASL
7 Oor1 C _;J~{ R____ k- CIL
7 20r3,C%1 R___FO ASL

43




flexibility for strobed operation at lower data rates, and lower standby
power. Finally, a straight serial recaorder was considered that would take
advantage of the simplicity possible with the single loop memory such as
that available form Plessey.

4.1 DATA ACQUISITION SYSTEM USING 8 BIT PARALLEL PROTOTYPE MEMORY

The Prototype Magnetic Bubble Memory system was designed (in terms
of both hardware and software) to be easily used in a data acquisi-
tion system. However, several additions will be required to bring
the system from its present status to a field usable piece of hard-

ware. This would include the following steps:

1. Add an A/D converter board which could be the same as a modifica-
tion of the Mighty Epic Underground Telemetry System 2 channel
multiplex input and boards. Of course, other configurations,
such as multiple channel multiplexing, are possible, Figure 4.1.

2. Prepare the additional software required which consists of bubble
controller programs for multiplexer and A/D operation and PDP-11
Fortran programs for data printout operation.

3. Add the necessary battery power supplies for field use.

4. Add a D/A converter for field checkout and quick look capability.

These steps would yield a data acquisition system with a fixed data
rate of 50k bytes/sec. with a 92k byte capacity, allowing a 12.5kHz
response (@-3dB). The system would require a constant power source,
though provision will be made for power up/down control prior to and
after all data has been recorded.

It would be possible to further modify the system to also allow variable
data rate input of < 20k bytes/second. To accomplish this each FIFQ
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4.2

register would require 256 bits of storage (64 presently) allowing the
data to be buffered until a full files worth of data were ready for
storage. Some additional control circuitry would be required, however,
256 bit FIFO's are available that will directly replace the 64 bit
units.

ALTERNATE 8 BIT PARALLEL DIGITAL DATA ACQUISITION DESIGN CONCEPT

A possible alternate design for a data acquisition system is shown in
block diagram 4-2. The concept assumes use of the T.I. MBM and
peripheral devices. The main objectives of an alternate design would
be to produce a data acquisition system with

A) Variable data rates within the limits or constraints imposed by
the T.I. unit, e.g.; data rates of 50k bytes/sec. or < 20k bytes/
second. (The gap between the fixed maximum data rate and lower
variable rates results from the fact that the major Toop must be
cleared before powering down between samples. The possibility
of permitting such storage under some conditions is being investi-
gated, and if it turns out to be possible, the control design
problem will be greatly simplified.)

B) Minimum power consumption by means of powering down unnecessary
devices during periods of not recording data at low data rates.
By properly selecting devices, it is believed standby power can be
reduced to <100mW (possibly at the expense of chip count).

C) Simplified control logic.

The function timing would be the same as for the existing system.

The FIFO control would remain the same expect for the expansion of

the FIFO memory size to implement variable data rates. The remainder
of the system concept changes. The basic control concept would consist
of using direct PROM control. This is implemented by programming PROMS
with a set of control sequences for each different type of operation
(e.g.; file add-on access, variable data rate acquisition, maximum data
rate, acquisition, etc.).
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4.3

The base address of the PROM is a result of the function input. A
command consisting of Annihilate, Generate Replicate, (etc.) bits,

and count value would be clocked from the PROMS to registers. The
counter would be decremented every 10us bubble cycle. When the counter
was decremented to 0 the next command and count would be loaded. This
process would continue until an entire sequence had been executed.

The controller could be commanded by a computer for test and data
retrieval or commanded manually for field operation. A file number
counter would serve two purposes;

1. To access a specific file number, and
2. To count the number of files recorded in field operations for
automatic shut-down.

In a data acquisition mode the entire system would be powered when

144 bytes were stored in the FIFO. The next sequential file in the
minor loops would be transferred out, annihilated, and then recorded
with the 144 bytes. Other data could be strobed into the FIFOS
simultaneously. The new file would then be transferred into the minor
loops, bubbles stopped, and the system would go into standby power mode.
This process would repeat unitl all 641 files were recorded at which
time all power would shut down.

CONTROL CONCEPT FOR A SERIAL ARCHITECTURE MAGNETIC BUBBLE MEMORY

The parallel digital recorders described in Sections 4.1 and 4.2,
although they have important potential applications, lack the
flexibility required for general use because of the limitations of
present major-minor loop devices for data recording use. Although
the major-minor loop configuration will continue to receive the

most emphasis because it has the widest application, there may be
sufficient demand for the simplicity of Plessey's single loop device
to keep it alive for several years until the others evolve to a point
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where they are easier to use. (We have just learned that Rockwell has
dropped its serial configuration, at least in commercial versions. So
far, Plessey is advertizing plans to offer both kinds, but more
inquiries are necessary to confirm their long range goals.) We have,
therefore, considered a simple recorder type design, discussed below,
that sacrafices speed for flexibility and lower cost in an initial
attempt to achieve a general purpose machine.

The concept for a single serially structured bubble memory in a data
storage system is illustrated in the block diagram, Figure 4-3. The
concept assumes that data will be stored in serial units of 8 bit words
(bytes), and as a result of this the integrity of a byte boundry must
be maintained. The concept provides four main functions:

1. Read

2. MWrite

3. Erase

4. Return {(to start point)

An exclusive function is latched into memory by a go command which
executes the command. A command will be terminated at the end of the

memory or when an external stop is commanded (recognized on byte
boundaries).

In the read or write mode the data (byte) rate is variable. A byte
cycle may be stimulated from 1 of 7 internal selectable rates ranging
in decade steps from 1 byte/100us to 1 byte/100 sec. A cycle or ~
groups of cycles may also be stimulated from an external strobe source.
The fastest byte cycle rate is obtained by maintaining a logic 1 on the
strobe control circuitry.

If it were desirable to store blocks of data consisting of more than 1
byte, the END BYTE signal could be used to control a multiplexer. After
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the number of bytes in a block had been counted the external strobe
would be returned to Togic "0" until the next sample was desired.

If an internal byte rate were selected, all noncritical devices would
be powered down at rates < 1 byte/100ms. This obviously would reduce
standby power and allow extended field operations on a battery power
source.

When in the external strobe mode an external input would be required
to cause the system to go into standby power mode when the strobe
cycle had been completed.

The control currents for the memory are provided by the memory drive
circuitry which would provide seven current signals to the memory.

The timing of the signals would be programmed into a 256 x 8 bit PROM.
Sixteen timing channels would be available by interleaving 8 channels
in alternate PROM addresses. Some of the remaining 9 timing channels
would be used for control timing, and some of these would also be
gated depending on the function.

An 8 bit counter, operating at 8mHz, would provide the addressing
control for the PROM yielding 1/4us resolution in the timing controls.
The PROM outputs would be stored in two 8 bit latches, each receiving
data from alternate PROM addresses. Some of the control signals would
be gated to the memory drive circuitry dependent on the function
signals.

A 16 bit counter would be used to count the number of bits processed
allowing end of memory detection. The 3 least significant bits would
be used to cause timing cycles in groups of 8 bits, thus maintaining
byte boundaries.

The system described in the diagram also provides for both digital and
analog I/0 interfaces. This would provide for either mode of operation
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or both where it might be desirable to interleave both types of data.
The main power control would shut down the entire unit after the
entire memory had been accessed if the power override were turned off
after the system was initialized. The system would also automatically
shut down if the power source dropped below a level where improper
operation might effect data in the memory.

The block diagram may be simplified as follows:

A. Limit the data rate to an external source eliminating approximately
10 IC's.

B. Eliminating power control circuitry.

Further simplification in the control circuitry could be realized by
producing an 8 bit wide system. This would require the memory drive
circuitry to be produced 8 times which offsets the savings in control
complexity, but the maximum throughput would increase by a factor of 10.
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APPENDIX I

TEXAS INSTRUMENTS EQUIPMENT SPECIFICATION
TBMO101 BUBBLE MEMORY DEVICE
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SCOPE

This specification describes the electrical, mechanical and environmental

characteristics of the TBM 0101 Bubble Memory Device.

GENERAL DESCRIPTION

The TBM 0101 Bubble Memory Device isa 14 pin dual in-line module
containing a 92K bit bubble memory chip, coils for providing a rotating
magnetic field, a permanent magnet structure for providing the required

static magnetic field, and a magnetic shield assembly.

FEATURES

92K bit nonvolatile memory

Occupies less than 0.5 cubic inch

Consumes less than 0.7 watts for continuous operation
Weighs less than 25 grams

Rugged package with self-contained magnetics
Major/minor loop architecture

Average access time (first bit) - 4 ms

100 KHz read/write operation

50 Kb/s data rate
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APPLICABLE DOCUMENTS

92 K chip specification TI Drawing No. SK 2007653
TMS 5502 Bubble Memory Coutroller Specification TI Drawing No. SK 200 7654
Schematic - Bubble Memory Card TI Drawing No. SK 2007655

FUNCTIONAL DESCRIPTION

Bubble Chip Operation

The 92 K bit bubble chip consists of a substrate of gadolinjum gallium

garnet on which is grown an epitaxial film of magnetic garnet material.

This film supports Sym cylindrical bubble domains.

Patterns of permalloy metal are deposited on the epitaxial film to define
the path of the cylindrical bubble domain in the presence of a rotating
magnetic field. As the field rotates, the bubble domains move under the

metallic patterns in shift register fashion.

A static magnetic field (bias field) is provided perpendicular to the plane

of the chip to control the size and shape of the bubble domains.

Control functions (i.e. generate, transfer in, transfer out, replicate and ‘

annihilate) are accomplished by providing current pulses through the

appropriate control elements on the chip. Current flowing through a con-
trol element causes a local alteration in the magnetic field. This field
alteration, in conjunction with the local permalloy pattern, accomplishes

the control function.

After generation, the bubble domains move 22.5ym during each rotation

of the magnetic field. Control functions must be timed to ensure that

the bubble domain has arrived at the proper location on the chip.
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To detect the presence or absence of bubbles, two magneto-resistive
elements are provided. These elements may be used as part of a bridge
circuit configuration which provides a high degree of noise cancellation

when used with an external differential amplifier.

Major/Minor Loop Operation

See Figure 1.

Bubble domains representing bits may be created under the generate loop.

These domains step through the major loop in the indicated direction.

When a data string has been generated, equal in length to the number of
minor loops (a page), and shifted such that the first bit is positioned over
the first minor loop, the transfer gate may be energized. This operation
transfers the page from the major loop into the minor loops. The data
now circulates in the minor loops. New data may be generated, shifted,

and transferred into each of 64l different minor loop page positions.

Data is retrieved by doing a transfer out operation when the desired page
rotates to the top of the minor loops. This moves the page out of the
minor loop structure and puts it back into the major loop. The page now
moves around the major loop in bit serial form until the first bit arrives
at the replicate/annihilate element. One of two control operations may

now be performed:

Replicate

If a replicate pulse is issued each time a bubble domain arrives at the
replicate/annihilate gate, each domain is stretched and cut. One portion

is diverted into the detector area to be read and the other continues
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Major/Minor Loop Architecture
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positions) Replicate/

Anchdite Detectors

| 87

|_— Transfer In/Qut

o
0
y
270°
. \ { Rotating Magnetic
1 S.s[s)0e wielvie 8l eieLe ielee 1 Field Orientation

K iy e A

Bias Magnet

J LJ d Field Orientation

157 ssesoscsoveonon oo 2 i

Numbers on chip are
given in field cycies
corresponding to overall

Minor Loops control timings given in
(Each minor loop contains 71
641 bubble positions

Figure 1
SIZE | COOE IDENT NO DRAWING NO
A L 96214 SK 2007651
SCALE 1&5\ T sreer 4 of 17

Tire1%C

A

84




\ 4

5.2.

moving in the major loop. It is thus possible to read a page, recirculate the
information around the major loop and put it back into the minor loops for non-

volatile storage. This operation provides a nondestructive read capability.
8 P y

Annihilate

Annihilation is accomplished by applying a current pulse to the replicate/
annihilate gate that transfers the bubble out of the major loop and into the

detector track where it propogates off the chip.

5.3 Redundancy
To enhance production yields and reduce device cost, 144 of the 157 minor loops
are guaranteed to be useful. The user's system must insure that information is
not written into defective loops and it must ignore any information read from
these loops.
Defective minor loops result from manufacturing processes related to the small
geometry of the permalloy patterns. Defective minor loops are identified
during factory testing and in no way relate to a field failure mode. A map of the
defective minor loop location will be written into the device at the factory
before shipment. This map must be read by the user in order to implement data
transfers to the device.
S Device Capacity
Minor loop count (total) 157
Minor loop count (useful) 144
Minor loop count (unused) 13
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5.4 Device Capacity (Continued)
Major loop length 640 periods
Minor loop length 641 periods
Raw data capacity 100,637 bits
Useful data capacity (92 K bits nominal) 92,304 bits
Percent redundant storage 8.28 percent
Redundancy shall be implemented by avoiding the writing of bubbles into any
defective loop and neglecting bubble information read from any defective loop.
5.5 Performance Specifications at 100 KHz Operation
_Min Nom Max Unit
Average access time (first bit) - 4 - ms
Average cycle time (144 bit page) - 9.6 - ms
Hard error rate after N vyears - 1079 Na  errors/bit
residence time with operating duty
cycle 4 **
Soft error rate* ]0'9
Data rate - 50 - Kbits/sec
*Depends upon sense electronics and layout
**This maximum error rate shall be sustained on reading data that has been
resident in the device for Nd years of continuous READ/WRITE operation, e.g.,
for N =1 and d = 1/100, hard error rate = 10711 errors/bit; for N = 0.1 and
d = 1, hard error rate = 10 'loerrors/bit.
5.6 Biag Margin
The chip shall have an operating bias margin of no less than 8 Oe. This
minimum margin shall be achieved under any combination of the parameters
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Bias Margin (continued)

specified herein, i.e., temperature, drive field, control pulse current

amplitude and timing, humidity and vibration.

6.0 ELECTRICAL
I 6.1 Coil Drive
The bubble chip is surrounded by two orthogonal coils which, when driven 90°
I out of phase, produce a rotating magnetic field in the plane of the bubble chip
I It is this rotating field that causes bubble domains to move under the permallo#
patterns.
If the two coils are turned on and off in the prescribed manner, bubble domain
l motion can be started and stopped without error. Thus, if continuous duty is
, not required, a power savings can be realized by operating in the start/stop
mode.
Triangular current waveforms are recommended for driving the two coils. This
I approach lends itself to precise digital control of the drive field.
See Figure 2.
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Coil Drive Technique
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6.1, 1 Coil Drive Requirements

Peak field strength for triangular drive

Field rotation frequency

Phase lag(inner coil with respect to

outer coil)

Total coil power

X Coil
Inductance
Resistance (DC)

Resistance (AC at 100 KHz)

Ipx+ (Positive peak current)

Ipx- (Negative peak current)

Y Coil

Inductance

Resistance (DC)

Resistance (AC at 100 KHz)

Tpys (Positive peak current)

Ipy- (Negative peak current)

7.0 CONTROL CURRENT TIMINGS AND AMPLITUDES

M Nom
48 50
99.99 100.00
87 90
0.7
62 04
& 3.9
= 4.8
145 460
445 460
a0 62

- 3.
o 4.3

165 A8

Max Unit

54 Oersteds

100.01 KHz
93 Degrees
1.1 Watts
66 vh
- Ohms
- Ohms
485 ma
185 ma
bd uh
- Ohms
- Ohms
195 ma
495 ma

All timings are based on the direction of the rotating field with respect to the

bubble device orientation.

These timings are delays from the time when the field
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Figure 3  Pin Assignment
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7.0 CONTROL CURRENT TIMINGS AND AMPLITUDES (Continued)
is 0°. The current conventions are in accordance with Figure 3.
Y g Control Timings (Overall)
The following timings refer to the first bubble to be read or written in a page
of bubble data. A '"page'" is the block of information obtained from the transfer
operation, i.e., one bit from each of the 157 loops. The timings are taken
from the leading edge of the first control pulse to the leading edge of the
second control pulse. These timings are used only to verify the overall control
sequence and should not be used to verify the timings within each drive field
cycle as given in 7.0 . The timings are based on use of a 100 KHz drive fielcd
accurate to 0.01% in frequeacy. If the user's drive field frequency F (KHz)
differs from 100.00 KHz his timings should be multiplied by the factor F/100
before comparison with these values.
Transfer out to replicate 684 £l us
Transfer out to bubble signal peak 872 t]1 us
Transfer out to generate 2962 +l us I
Transfer out to transfer in 6405 £l us |
l
|
|
}
l
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The bubble functions are shown schematically on the following diagram to

show the operations necessary to read (solid lines) or write (dashed lines)
the first bit in a page (the bit from minor loop number 1). The minor loops
are spaced such that one void bit position exists between all data bits after
transfer out operation. Therefore, all major loop functions are repeated at a
50 KHz frequency. The drawing below is arranged so that the functions may be

set up in the proper synchronism. The timings are given in both field cycles and

microseconds.  The field cycle counts corresponds to Figure |.

T =0 1 2
t =0 1 20
—oX*_ _Transfer
T N Out |
T =68 69 70
t = 680 690 700
r 1
| X q I 1“*— Annihilate 1
T =86 Replic/cte 87 88
t =860 870 880
| l_\L ]
T =29 297 Detect Strobe 298
=) -
t=2960 mG/e'gerate 2970 2980
L )
T= 640 641 642
6410 5420

t= ¢
6400  ranster X

L I ey |

Note : t in wus, T in field cycles.
Each field cycle begins ot 0° field
orientation,
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